should use ionic methods applied to the trunk of the nerve, and not rest content with some stimulation of the facial muscles. I have seen good results follow this procedure in several cases of facial paralysis, and I think the time has come when we should begin to utilize a similar ionic method applied to the lesion of the nerve-trunk in various other cases of nerve-trunk injury.
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The Electrical Testing of Muscle and Nerve, with Special Reference to the New Method in which Condensers are used.
By E. P. CUMBERBATCH, M.B.
THE subject which I wish to present for discussion is the Electrical Testing of Muscles. First, I wish to point out the defects of the method in general use; secondly, to describe briefly the new method of testing by means of condenser discharges, point out its advantages, and mention some of the results which have been obtained by its use.
The method of testing which is generally employed has been in use during the past forty-six years. It has many defects.
In the first place, it causes much pain. Young children and nervous adults will not keep still when they feel the sting of the galvanic current, so that it is almost impossible to see what sort of contraction the current is producing.
In the second place, it is sometimes very difficult to say, without taking graphic records, whether the contraction produced by the galvanic current is quick or slow. It may be neither quick nor slow, and, often, there is no normal muscle on the opposite side to serve as the standard for comparison. Further, some muscles, even when normal, contract more slowly than others. The abductor muscles of the great and little toes give slow contraction when stimulated by the galvanic current, so that the reaction looks like a partial R.D. (reaction of degeneration). Again, temperature influences the speed of contraction. The muscles of a part such as the hand or foot contract more slowly if the part be cold than if it be warm. I recently tested the intrinsic muscles of a cold blue hand. Using the' galvanic current the muscles contracted extremely slowly, but when the temperature of the hand was raised the contraction became very brisk. The subnormal temperature of paralysed limbs must exercise an important influence on the response of the muscles, and may lead to error in the diagnosis of their electrical reactions.
In the third place, little or no attention is paid to the measurement of the electrical stimrulus used, yet the matter is of much importance. The duration of the stimulus, particularly, should be known, and its importance lies in the fact that a perfectly normnal muscle can respond to an exceedingly brief stimulus; that when it passes out of the normal condition it requires longer stimuli, and when it passes further and further into a more and more advanced degree of degeneration, longer and longer stimuli are required to make it contract, stimuli that are now several hundred times longer than the shortest required for normal muscle.
Hitherto we have used as our stimuli the interrupted current from the 'coil and the continuous current from the battery. The interrupted current, so called, is really a succession of discharges following one another, at a rate depending on the rate of vibration of the interrupter fitted to the coil. The discharge at "make" of the primary current differs from the discharge at " break," both in duration, intensity and direction of flow, so that when the induction coil is used for physiological and clinical purposes we are employing a stimulus of extreme complexity. " Induction coil discharges are impulses of irregular form and variable duration, and are by no means the instantaneous discharges which they have been too commonly assumed to be." Dr. Lewis Jones, from whose work, " Medical Electricity" this quotation has been taken,' has taken graphic records of the waves of discharge of many induction coils, and he has shown that -in many medical coils they last about T1 sec. Normal muscle will respond to an infinitely shorter stimulus, and it will have passed somie way along the downward path of degeneration if it requires an impulse as long as this before it will contract. The waves of discharge vary profoundly in their shape and duration, according to the construction of the coil, length of wire in the primary and in the secondary circuits, rate of vibration of hammer, presence or absence of iron in the coil, &c. Unnecessary complications are thus introduced into the study of the effect of electrical stimuli upon muscle and nerve when the induction coil is used. Further, there is no satisfactory way of measuring the strength of the discharge, so that it is I Sixth Edition, p. 278. difficult to be certain whether the response of muscle is weaker or stronger than normal.
How long is the impulse given by the galvanic current? This, again, is not measured, and depends upon the time the key is held down and the current allowed to flow. It is always longer than necessary, and, therefore, unnecessary pain is caused.
What is wanted is some device which will give impulses of known duration, varying between the shortest to which normal muscle will respond and the longest that is required when it has reached an advanced degree of degeneration, with as many intermediate values as are found desirable. Condensers of different capacities furnish impulses of different but known duration. They have been used in the past chiefly for physiological purposes, but the apparatus designed by Dr. Lewis Jones is the most complete of its kind, and is the first one to be used in this country. To him is due the credit for introducing a new method which is destined to throw new light on the subject, where there is, at present, much doubt and obscurity.
In principle the new method is simple. It is necessary to know that when a condenser is charged the duration of the wave of discharge depends, first, on the capacity of the condenser (which is known) anld, secondly, upon the resistance of the circuit through which the discharge takes place. The resistance of the body has been proved to be constant for discharges of very brief duration, and may be taken as 1,000 ohms under the conditions in which the test is made. The resistance of the rest of the circuit may be neglected.
In Dr. Lewis Jones's apparatus twelve condensers are used. They are packed away in a small box. The smallest has a capacity of 0 01 microfarad, the largest a capacity of 2'00 microfarads. There are ten of intermediate capacities. By means of a metronome any one can be automatically charged to a known voltage and then discharged through the body. The smallest condenser gives a discharge through the body lasting sec., while the discharge of the largest lasts lu sec.
The most convenient voltage to which to charge the condensers is 100. To test a muscle, the smallest condenser is used first, and if no response occurs, larger and larger condensers are used, giving discharges of longer and longer duration, till the muscle contracts. There is no need to decide whether the contraction is quick or slow. In the past we have had to classify the reactions of muscles under three heads-normal, partial R.D., complete R.D. At the present day we can use condenser discharges giving a wide range of stimuli of known duration, and are able to express the condition of the muscle by the measure of the duration of the shortest effective impulse, or the capacity of the condenser which gave it.
During the past year I have been using condensers for the purpose of testing muscles and, whenever possible, I have repeated the test using the older method. It was soon apparent that the new method was much less painful than the old; in fact, the smaller capacity condensers produce no pain at all. The larger condensers produce the sensation of a sharp tug, which is, however, much less painful than the sting of the galvanic current. Young children will submit to the shocks from smaller condensers without moving, and it is best, when testing the reactions of any patient, to use the smaller condensers first and leave the larger condensers, if they have to be used, to the end.
The first investigation was made to determine the condenser figures that correspond to the three types of reaction, normal, partial R.D., and complete R.D. Healthy muscles will respond to discharges fromn the smallest, or nearly the smallest condenser. Muscles of which the m-otor point lies more superficially (like the face muscles and many of the limb muscles) will give a perceptible contraction with the smallest condenser in the box, one of capacity of 0 01 microfarad. If the motor poihtt lies more deeply, the next size larger, 002 microfarad, is required. Some muscles which are weakened or paralysed are found to require larger condensers, 002, '0 5, 007, although, by the older method, they may still show the normal reaction. The condenser method thus gives a subdivision of the normal type of reaction and indicates slight departure from the normal which the older method cannot show.
Musclesmwith slight degrees of deviation from the normal are demonstrated by the condenser method in cases of paralysis or weakness secondary to joint disease.
Muscles which show, beyond doubt, a partial R.D. require condensers of larger capacity; some require 010, others 025, others 0 50; so that we may subdivide muscles showing this reaction into three groups. It was found, however, that some muscles which gave undoubtedly a partial R.D. could be made to respond to smaller condensers than those just mentioned, such as 007, 005, and occasionally '0*2. This has been found to be the case with some of the muscles quite recently affected by acute anterior poliomyelitis. Its possible significance will be mentioned shortly. It appears, then, that muscles showing the -partial R.D. will have to be subdivided. into many groups.
Muscles which show the complete R.D. require a condenser as large as 0 5, and very many will require one of 100, 2 00, or 3 00 microfarads. It was soon found that many muscles giving, by the older method, a complete R.D. would not respond to condensers even as large as 3 00. Larger condensers cannot be used as their discharges produce violent muscular tugs which are too disagreeable to bear. A condenser of 2'00 microfarads' capacity gives a discharge lasting 200 sec. In order to get a still longer discharge for muscles in a further stage of degeneration, a high resistance may be placed in circuit with the patient. This considerably lengthens the duration of the discharge. 5,000 ohms is, I find, the most suitable resistance, and with this in circuit the duration of discharge of the three largest condensers in the box (100, 2,00, and 3 00 microfarads) is increased from -T 2-6, and 1 of a second respectively, to -, and 2-lo of a second respectively.
It is necessary, however, to charge the condensers to 200 volts when this high resistance has been inserted. This does not alter the duration of the discharge, and it can be quickly and easily done in Dr. Lewis Jones's apparatus. I have recently tested some muscles which would not respond to condensers as large as 5 00 microfarads charged to 200 volts, and with resistances as great as 10,000 ohms in the circuit. These lmuscles gave some response to the galvanic current, however, so it appears that there is a stage of degeneration which is beyond the reach of the condenser test. We may thus recognize three or four subdivisions of the normal type of reaction, four or five of the partial R.D. type, and eight or more of the complete R.D. type. Now comes the most important question, What new clinical knowledge is likely to result from this more complete subdivision of those muscles that show alterations in their reactions ? This is, of course, a subject in which prolonged investigation of many cases is required, and much work will have to be done. Some cases may, however, be briefly mentioned, in which the results appear significant. Case I.-A boy gradually lost the use of his legs. Neuritis was diagnosed and no cause was discovered for it. The leg muscles showed the complete R.D. when tested by coil and battery. The smallest of the condensers required for muscles with complete R.D., viz.-0'50, 100 and 2'00-caused the leg muscles to contract. Evidently, the degeneration had not progressed far. The patient soon regained full use of his legs and the power to walk.
Case II.-An infant lost power in its right leg, as the result of acute anterior poliomyelitis. It could not walk or move its leg. The anterior tibial group of muscles and the peronei showed a complete R.D., the calf muscles a partial R.D. A week later the paralysis was still present and the muscles were tested by condensers. The anterior tibial group required 0 05 (partial R.D. by old method), the peronei required 2'00 (complete R.D. by old method), the calf muscles required 0'01 (partial R.D. by old method). Evidently, the degeneration was of a slight degree, suggesting a favourable prognosis. A month later the child had regained voluntary power in the limb and could walk. The condenser figures were now 0 05 for the anterior tibial group, 007 for the peronei, 0 05 for the calf muscles.
These two cases seem to indicate that if a muscle can respond to a discharge from a smaller condenser (i.e., to a discharge of comparatively brief duration) the degeneration has proceeded to a slight degree only, and that the nerve supplying it has been only slightly damaged, and that the outlook is favourable. Case III.-By using the condenser method it is possible to get more information concerning the progress of a case. A patient who was in hospital for operation on the nose complained of weakness of one leg, and it was noticed that he had developed " hallux-drop." All the leg muscles showed R.D. By using the new method of testing it was found that condensers of different capacities were required for different muscles, but no one required one larger than 3 00. Four months later the patient thought that his leg had recovered, although some of the movements were less strong than those of the other leg. Another test was made by the new method, and it was found that the muscles formerly requiring 3T00 now would respond to 0'10, those formerly requiring 0'50 now responded to 0 05. Case IV.--A patient with paralysis of some of the muscles of both legs resulting frorh acute anterior poliomyelitis was tested, and it was found that the anterior tibial group (among others) showed complete R.D. About three months later, when the condenser apparatus had been installed, it was found that the same group required a condenser of 5'00 microfarads charged to 200 volts, with a resistance of 5,000 ohms in the circuit. Six months later no condenser could produce any contraction. On these three occasions there was no voluntary power, and the older method of testing showed the same reaction each time-complete R.D. These muscles were shown by the condensers to be progressing on the downward path.
Case V.-A patient fractured his leg. It was discovered later that he had lost the use of some of his leg muscles, and it was thought that the external popliteal nerve had been compressed by callus. The muscles showed complete R.D. No condensers, however, could produce any contraction. It was found that the nerve was not in callus. It had evidently been severely contused, and it was throttled by scar tissue. The muscles could not be made to contract by stimulating the main sciatic nerve in the thigh, so there was evidently a " functional" division of the popliteal nerve. Perhaps the failure of a muscle to respond to any condenser means that nerve impulses cannot pass the injured part. I have not yet had the opportunity to apply the condenser test to muscles of which the nerve .has been anatomically divided, without reunion.
I think that condenser discharges may prove to be of value in determining the condition of nerve-trunks when diseased, from the point of view of their excitability. I have found that when a muscle can be made to contract on stimnulating its nerve, different capacity condensers are required in different cases, whereas normal nerve-trunks, if not lying deeply, can be excited by condensers of the smallest capacity.
CONCLUSIONS.
(1) Induction coils are unsuitable for the stimulation of muscle and nerve. Most medical coils give discharges which are not brief enough to reveal the slighter degrees of degeneration, whilst the complex form of the waves of discharge, varying in different coils, introduces unnecessary comnplications. Further, the intensity of the discharge is not easily measured.
(2) It is often difficult to tell whether the response of a muscle to the galvanic current is quick or slow. The measurement of the duration of flow of this current is not made, though if this is done several degrees of degeneration will be nmade out.
(3) By the use of condensers electrical stimuli are standardized and measured both in intensity and duration.
(4) Condenser discharges cause much less pain, and enable the recognition of many different degrees of degeneration which may prove to be of value in diagnosis and prognosis.
DISCUSSION.
Dr. IHAMPSON said he was glad to bear testimony to the excellence of the results obtained by using the surging current advocated by Dr. Lewis Jones, who, he hoped, would believe that the method was not so much neglected as he appeared to think. A comparatively short time after Dr. Lewis Jones introduced his method of rhythmical stimulation he, encouraged by the example, brought it into use at the Queen's Hospital for Children, and with the most gratifying results; there was a great improvement in the condition of children the subjects of infantile paralysis compared with that when previous methods were applied. Moreover, the testimony of parents was more pronounced and frequent. He had also found the results very gratifying in private practice, not only in infantile paralysis, but in connexion with many internal muscles, such as those of the intestines and stomach. The pulsatile stimulation was much better than the form previously in use.
Dr. REGINALD MORTON agreed with Dr. Lewis Jones as to the value of slowly varying currents. The matter was not very new; in fact, ten years ago it took a fresh form, when someone brought out the idea of using a threephase current. He believed it was Dr. Herschell who devised the ordinary motor with necessary device to take off a three-phase current, and made it run very slowly by a friction brush applied to the wheel. Later on he (the speaker) was himself experimenting on the matter, and he had a machine made which would run very slowly. It was found very useful in the treatment of intestinal conditions. Later investigations convinced him that the threephase current was an unnecessary refinement of the single-phase, sinusoidal current. The aim was to get it to vary sufficiently slowly and yet obtain a strong enough current. That was not secured owing to mechanical and electrical difficulties. Gradually those instruments had been displaced by the rhythmic interrupter, which was one of the best and most useful devices available for electrical treatment for nerves or muscles, internally or externally. Towards the close of the session last year he showed an instrument by means of which one could apply the constant, or the interrupted, current through a rhythmic interrupter, and he said on theoretical grounds, after some practical experience, that he thought the same principle could with advantage be applied to ionization. It had always seemed to him that if one was using very large .current densities for the purpose of ionization, or anything else, one was certainly producing a tetanic condition of tissues; the circu-lation would be to some extent arrested and there would be some spasm in the arterioles. If one wanted to ionize, he thought it would be better if one could allow the current to be regulated by a rhythmic interrupter. He had used this for many months and was certain that the results were more pleasing and more comforting to the patient, and there was no risk of burning. He had left off using rigid electrodes, and thought that ionization was more efficient.
Dr. HERNAMAN-JOHNSON said he was much interested in the remark of Dr. Cumberbatch about the excitability of a muscle being lowered by cold. For some time the practice which he had followed in the case of paralysed limbs-e.g., in infantile paralysis, when the skin is often blue and cold-was to warm these limbs up by means of radiant heat before proceeding to apply electrical stimulation. He was sure, from his experience, that the results obtained after such a method were better than without it. Dr. Cumberbatch's observations seemed to furnish a scientific reason for the fact.
Fearnsides: Diseases of Pituitary Gland
Dr. LEWIS JONES, in reply, expressed his regret for having appeared to have forgotten Dr. Hampson's excellent form of rhythmic interrupter. He remembered it very well. He could confirm what Dr. Hampson said about the value of rhythmic currents in the treatment of obstinate constipation, because in the summer he had been asked to advise as to the best way of treating one of these very troublesome cases. He advised its treatment with a rhythmic apparatus and a rectal electrode. The case derived benefit from the commencement, and had done very well. He desired to put on record the name of a worker who seemed to have been completely forgotten, that of the first user of rhythmictlly varying currents-namely, Dr. Frommhold. He treated patients by " swelling currents," obtained by moving the secondary coil of the apparatus by hand during the time of the treatment. ANATOMICALLY the pituitary body or hypophysis cerebri consists of two great portions-a glandular anterior lobe and a nervous posterior lobe. Embryologically these two lobes have different origins, the anterior being derived from the epiblast of Rathke's pouch, and the posterior from a downgrowth of neuroblast from the region of the third ventricle. Physiologically the anterior and posterior lobes appear to serve different functions, the anterior being related to the general growth of the body, and especially of the skeleton, whilst the posteriorlobe and its glandular envelope, the pars intermedia, seem to promote the contractility and increase the tone of the plain muscle generally, as well as of the heart, and to excite the activity of certain glandsviz., the kidney and mammary gland (Schiifer). Extracts obtained from the posterior lobe when injected into animals produce changes in the blood-pressure, changes in the secretion of the urine and of the mammary gland, and cause contractions of all involuntary muscle, whilst. extracts made from the anterior lobe are relatively inactive. By the methods of extirpation of portions of the gland in animals it has been shown that removal of the anterior lobe produces adiposity, accompanied by secondary hypoplasia of the organs of generation in the adult, or by a persistence of sexual infantilism in case the primary hypophyseal deficiency antedates adolescence, and occasionally by polyuria, altera-
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